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On behalf of the U.S. Department of Energy (DOE), we 
thank you for the opportunity to address this meeting on Re-
view of Progress in Quantitative Nondestructive Evaluation 
(QNDE) . 
At the start, we note Donald Thompson's contribution to 
this field. He was a pioneer in the early research, a main-
stay and mentor for the field as it has grown, and certainly 
has been a keystone for this Conference. His contributions 
were recognized last year with his election to the National 
Academy of Engineering. Our congratulations to Dr. Donald 
Thompson on a very well earned distinction. 
QNDE is an important part of site and waste character-
ization, the key first step to clean up DOE sites involved 
with nuclear weapons and materials production over the last 
several decades. This presentation will cover three topics. 
The first is an overview of the DOE Environmental Restoration 
and Waste Management Office (EM). This office faces an enor-
mous task on several scales - cost, types of waste and acre-
age to be remediated, technologies to be implemented, and 
communities to be involved. The second will be an overview 
of the Office of Technology Development (OTD). Because of 
the massive scale of remediation, new and improved technology 
can offer great savings in cost and time and benefits in 
terms of effectiveness and personnel safety. 
This presentation will emphasize the third topic: needs, 
activities and plans for characterization of sites, wastes, 
and waste processing; three sites which differ in terms of 
complexity and status of remediation are used as examples. 
Substantial research, development, demonstration, testing, 
and evaluation (RDDT&E) is already underway, and many persons 
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involved contributed to the following information; we thank 
them and recognize them (see Acknowledgements). The QNDE 
community also can contribute to this area in a very meaning-
ful way, and its input is sought. 
OFFICE OF ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT 
DOE formed the Office of Environmental Restoration and 
Waste Management (EM) in 1989 to consolidate the Agency's 
efforts to clean up its sites which were involved in nuclear 
materials and weapons activities over the last 40 years 1 • 
These sites carried out the DOE mission to research, design, 
develop, produce, and test production of nuclear weapQns and 
materials in support of our national defense. These activi-
ties led to the generation of radioactive and hazardous 
wastes at over 100 sites in 34 states and territories in the 
United States. These sites have diverse geological and hy-
drological features ranging from water-saturated silts and 
clays with thick vegetative overgrowth to sand and basalt in 
arid climates supporting minimum vegetation. 
The waste location can be considered in terms of three 
broad categories. Waste at or ne ar the ground surface is 
principally plutonium or uranium dispersed directly in the 
soil, i.e., not in containers. Waste at ten to fifty feet 
below the surface includes radioactive, hazardous salts and 
organics. The waste is principally contained in 55 gallon 
drums or in storage tanks (thousands to millions of gallons 
capacity); some leakage into the surrounding soil has oc-
curred. Waste from several tens to several hundreds of feet 
below the surface is most likely to be organics. This varia-
tion in site and waste, and especially in waste mObility re-
quires diverse technological solutions for safe and cost-
effective remediation. 
The major sites (Table 1 2.3) have areas of hundreds of 
square miles and cleanup costs estimated in billions of dol-
lars. The total cleanup cost for these sites is estimated at 
$120 billion 2. About $45 billion has been suggested for 
characterization. Costs other than financial ones are in-
volved too. Two sites, Rocky Flats and Fernald, are close to 
large cities, Denver and Cincinnati, respectively. Cleanup 
of these must be undertaken in ways consistent with the needs 
of the populations. Rural sites may impinge on Indian cer-
emonial lands, and remediation must also take cultural views 
into account. 
The mission of EM is to manage waste operations and en-
vironmental restoration activities for all presently and for-
merly operational sites under the control of DOE in full com-
pliance with applicable Federal, state, and local health, 
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Table I. DOE Weapons Complex Facilities 
Size Management "Estimated 
Type of Faci!ity Facility Location (Square and Operations Remediation Cast (State) Mi!es) Contractor $ (Million) 
Weapons Research and Design Los Alamos NM 75 Univsrsity 01 Cahfornia 3,380 
National Laboratory 
Sandia National NM 62 AT&T 636 
Laboratory (includes tadUlies al 
Lawrence Uvermore 
Lawrence-Livermore CA 12 University of Callfornm 1,480 
National Laboratory 
Materials Production Hanford Plant WA 570 Westinghouse 57,200 
Savannah River Sile SC 300 Westinghouse 25,500 
Fernald CH 0.2 Westinghouse 5,000 
Idaho National Engineering Laboratory 10 893 EG&GfWestlnghouse 7,158 
(includes Argonne-West) 
Paduca Gaseous Diffusion Plant KY 843 
Portsmouth Gaseaus DiffuSion Plant OH 1,190 
Weapons Manufacluring Rocky Flats Plant CO 14 EG&G 1,310 
Oak Ridge Reservation TN 58 Martin-Marietta 12,014 
Mound Plant CH 0.3 EG&G 839 
Pi naUas Plant FL 0.2 General Electric 100 
Kansas City Plant MO 0.5 Allied Signal Corp. 466 
Pantex Plant TX 14 Mason & Hanger-Silas Mason 900 
Warhead Testing Nevada Test Site NV 1,350 Reynolds Electnc 2,650 
Waste Disposal Waste Isolation Pilot Plant NM 16 Westinghouse 1,940 
°From DOEIEH0079, EnVironment. safety and Health Needs 01 the U S. Department 01 Energy, Dec. 1988 Dollar vatues Include Remedlal Actlvltles. Waste Management. Health & Safety, 0&0 Actlvlt,es 
safety, and environmental laws and regulations. 
offices handling different types of activities. 
EM has four 
Corrective 
Activities bring DOE's active and standby facilities into 
compliance with environmental requirements with respect to 
air, water, and solid waste regulations. Environmental Res-
toration is responsible for cleanup of inactive sites and 
facilities containing radioactive, hazardous, or mixed waste 
(see Appendix for definition of wastes), i.e., to eliminate 
or reduce these wastes to prescribed, safe levels and to 
minimize risks to human health and safety or to the environ-
ment. Waste Operations focuses on DOE's ongoing activities 
to manage, account for, treat, and dispose of DOE waste in a 
safe and environmentally sound manner; the scope includes 
minimizing the production of waste in present operations. 
Technology Development (OTD) seeks to develop advanced tech-
nological options for Environmental Restoration and Waste 
Operations to reduce overall cleanup costs and improve 
cleanup safety and effectiveness. 
Disposal of waste is highly restricted. Low Level Waste 
(LLW) and Hazardous Waste can be disposed of today, but other 
wastes must be processed into these categories or put into 
interim storage pending future decisions and disposal. For 
waste disposal, three issues must be addressed (Table 11). 
Most important is regulatory approval. Each site operates 
under multiple-agency guidelines - DOE, Environmental Protec-
tion Agency, and state and local offices. EPA specifies ap-
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Table n. Key Considerations in DOE Waste Cleanup 
ISSUE GENERAL NEED(S) SPECIFIC CHARACTERIZATION RELATED NEEDS 
REGULATORY APPROVAL Multi-Institutional EPA Analytical Methods Applicable 
Approval - EPA, DOE, Nationwide; e.g., Toxic 
State 01 Site Location Characteristic Leach Procedure lor 
Potential Groundwater 
Contamination 
TECHNOLOGY AVAILABILITY Commercial Scale Field Deployable Methods, e.g., 
Reliability, Producibility, Optrodes, Portable Instrumentation 
etc. 
ECONOMICS Lile-Cycle Costing - Data Quality Objectives; Initial 
Characterization and Screening vs. Subsequent Detailed 
Monitoring are Large Testing, On-Site vs. Central Lab 
F raction 01 Total Cost Analysis 
proved analytical chemistry methods for waste characteriza-
tion for most remediation steps. Many of these tests are 
costly (>$1000 per test) and time-consuming (taking days to 
get results). A major goal of OTD is to develop approved 
field deployable methods having 1 - 10% of the cost and turn-
around time of present methods. The second issue is technol-
ogy availability on a commercial scale. Reliability, 
producibility, and durability are key concerns of OTD ef-
forts. Finally, life cycle costs must be considered, and 
this requires careful specification and integration of a 
range of test data. 
OFFICE OF TECHNOLOGY DEVELOPMENT 
The mission, organization, and functions of the Office 
of Technology Development (OTD) are outlined in Table 111. 
The Research and Development (RD) Division aims to develop 
technologies at the pilot plant level; the Demonstration, 
Testing, and Evaluation (DT&E) Division tests successful 
technologies from R&D at full scale and integrates these with 
other technologies needed for all steps in a complete 
remediation operation. These steps are shown in Figure 1. 
OTD activities spanning the entire process in a "cradle-to-
grave" remediation are called integrated demonstrations. Key 
contaminants addressed by and contact persons for these dem-
onstrations are given in Table IV. Complex-wide OTD activi-
ties that focus on a single step or "building block" technol-
ogy of the remediation process are addressed by integrated 
programs (Table V). The focus of one of these, i.e., Charac-
terization, Monitoring, and Sensor Technology, is the subject 
of this presentation. The OTD budget was about $200 million 
in FY 1991 and is estimated to be about $350 million in FY 
1992. Characterization activities total about $10 million in 
FY 1991 and will be $20-30 million in FY 1992. 
4 
Table III. Office of Technology Development - Organization and Division Functions 
Mission 
Research & 
Development 
Demonstration, 
Testing, and 
Evaluation 
Technology 
Integration and 
Environmental 
Education 
Program Support 
Transportation 
Management 
Designing, Managing, Performing, and Assessing Collection of Environmental Data to Develop 
New or Improve Existing Environmental and Waste Management Technologies 
Is responsible for the formulation and management of projects to develop technology products 
based on Environmental Restoration (ER) and Waste Operations (WO) needs for subsequent 
Demonstration, Testing, and Evaluation (DT&E) and full user implementation 
Is responsible for the formulation and management of projects to validate technologies for user 
acceptance and implementation by demonstrating effectiveness, cost savings, risk-reduction 
potential, site applicability, and regulatory and public acceptance 
Is responsible for moving the products of applied research into implementation. It also 
facilitates the movement of new technology from one application to another. Education is 
responsible for identifying DOE's human resource needs for Waste Management and 
Environmental Restoration and developing innovative programs to ensure the required human 
resources are available to meet the 30-year cleanup goals. 
Is responsible for activities supporting the creation, management, and interactions of the Office 
of Technology Development (TD), as weil as coordination of certain EM-wide initiatives. In 
addition to management and administrative activities this division has responsibilities for 
regulatory analyses of various types, information management systems, program quality 
assurance, and coordination of the department analytical laboratory system 
Is responsible for managing and coordinating policies and procedures for all of DOE's 
unclassified shipping activities, developing technology to support safe and efficient operation of 
the transportation system, and accelerating resolution of transportation issues 
CHARACTERIZATIQN 
OperatJonsl 
:! Proc:ll..don REDUCTION ~ 
Figure 1. The Office of T echnology Development - Research, Development, 
Demonstration, Testing and Evaluation Program Supports Environmental 
Restoration and Waste Management within DOE 
5 
6 
Table IV. V.S. Department ofEnergy, Office ofTechnology Development, 
Integrated Demonstrations 
Integrated Demonstratjon 
VOC in Saturated Soils (Savannah River) 
Pu in Soils (Nevada) 
Uranium in Soils (Fernald) 
VOC in Unsaturated Soils (Richland) 
Mixed Waste Landfill 
Buried Waste (Idaho) 
Underground Storage Tanks 
D&D/Concrete and Metal 
Dismantlement 01 Weapons Components 
Depleted U Waste Minimization 
Environmentally Conscious Electronics 
Manulacturing 
Key Conlamjnants 
Trichlorethylene (TCE) 
Plutonium 
Uranium 
Carbon Tetrachloride, Nitrates, Chromates 
Heavy Metals, VOCs, Corrosives, Radioactive 
Waste 
Various Hazardous & Radioactive Wastes 
High Level Radioactive Waste, Nitrates 
Radionuclides, Organics, Heavy Metals 
High Level Radioactive Waste 
Depleted Uranium 
Solvents, Degreasers 
IDClPhone 
J. Steele 1 (803) 725-5182 
L. Rogers 1 (702) 295-8726 
K. Nuhler 1 (513) 738-6677 
S. Stein 1 (206) 528-3340 
L. Tyler 1 (505) 845-8.348 
J. Conner 1 (208) 526-0684 
R. Gilchrist 1 (509) 376-5310 
Planned lor FY 1992 
D. Berry 1 (505) 846-0234 
J. Kogerl (615) 576-1785 
B. Granoffl (505) 845-9377 
Table V. V.S. Department of Energy Technology Development Integrated Programs 
Integraled Program 
In Situ Remediation Technology Development 
In Situ Vitrilication (Richland) 
Characterization Monitoring and Sensor Technology 
Radioisotope Separation and Processing 
Mixed and Hazardous Waste 
Robotics 
Fjeld Gonlact Ha Gonlacl 
M. Peterson 1(509) 376-8258 M. Shupe 1 (301) 903-7942 
B. Bonner 1 (509) 376-3340 D. Biancosinol (301) 353-7961 
W. Haas (515) 294-4986 S. Woll 1 (301) 903-2962 
J. Mathur 1 (301) 903-7922 
P. Lurk/ (301) 903-7984 
Several L. Yarbrough 1 (301) 903-7293 
Examples in this paper will be based upon three Inte-
grated Demonstrations (IDs), in order of increasing complex-
ity of site and waste characterization: Volatile Organic 
Compounds in Saturated Soils, Underground Storage Tanks, and 
Buried Waste. It is important to understand that these dem-
onstrations represent a systems approach to developing, dem-
onstrating, and permitting the building blocks of new 
remediation technologies. Characterization is a key element 
but is only one of the "building-block" technologies which 
must be addressed as part of this total systems approach. 
Most of this paper addresses RDDT&E activities. It is 
important to mention the Laboratory Management Branch in the 
Program Support Division which, among other efforts, under-
takes two key functions for characterization: gaining regula-
tory approval of new methods and fostering technology trans-
fer of new methods by compilation, publication and dissemina-
tion (planned), and maintenance of a "Methods Compendium." 
SITE AND WASTE CHARACTERIZATION ACTIVITIES, PLANS, AND NEEDS 
The characterization and monitoring requirements and 
activities are broad, including nonintrusive and intrusive 
methods, sampling strategies, data quality objectives, data 
management, process monitoring, modeling, and supporting ex-
perimental measurements of site chemistry/geology/hydrology. 
All these activities contribute to the physical and chemical 
evaluation of the waste. Physical characterization describes 
the state of waste aggregation and distribution at a site. 
Chemical characterization identifies each contaminant and 
specifies its concentration. Characterization must be con-
ducted be fore and during remediation for two reasons: to meet 
regulatory requirements for initial site assessment, and to 
provide technical guidance for subsequent remediation. QNDE 
can contribute in both aspects. 
Improved characterization and monitoring will improve 
the cost effectiveness of waste remediation both directly, in 
terms of reduced cost of characterization and monitoring, 
and indirectly, in reduced remediation costs. The key to 
both is field deployable instruments. For example, present 
characterization of in-ground volatile organic contaminants 
employs gas chromatography in tandem with mass spectroscopy. 
This procedure requires analysis at centrally-located labora-
tories, and the turnaround time for specimens may be a few 
days to weeks. It has been estimated that the on-site field-
transportable ion-trap mass spectrometer of the kind devel-
oped, say, by Oak Ridge National Laboratory, could reduce the 
cost by 50% or more and have a turnaround time of less than 
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one hour. The turnaround time is critical - so that the site 
remediation process not be "in limbo" (but at substantial 
cost to DOE) while the contractor obtains test results deter-
mining what action is required next at a specific location. 
CHARACTERIZATION ACTIVITIES AND NEEDS AT THE INTEGRATED 
DEMONSTRATION ON VOLATILE ORGANIC COMPOUNDS CLEANUP IN 
SATURATED SOlLS 
This 10 is located at the Westinghouse Savannah River 
Plant in South Carolina. The contaminants at this site are 
two volatile chlorohydrocarbons, trichlorethylene and 
tetrachloroethylene. These solvents were used for degreasing 
components and leaked from a broken drainage system. OTD has 
started "air flushing" the soil by adapting the "horizontal 
weIl" technique developed by the petroleum industry. One 
weIl has been bored above and a second below the contaminated 
zone, and slotted liners inserted into each weIl. Air is 
pumped into the lower weIl and from the upper welli the re-
sulting pressure drop draws the contaminants into the upper 
weIl and, in turn, to the surface. Cost analysis indicates 
that this technique yields about 10% savings overall over the 
conventional vertical weIl approach as an overall remediation 
procedure. 
Of the three lOs discussed, characterization for this 
one is the simplest because both the contaminants and their 
location (in plumes roughly 150 and 240 feet below the sur-
face) are known. Past, present, and future characterization 
and monitoring activities are listed in Tables VI and VIIi 
details are available from D. Kabeck, (see Acknowledgements) 
Remote sensing by satellite, airborne, and ground-sur-
face methods has been used in the past to delineate general 
land use patterns and the resulting ecology changes. Remote 
sensing appears limited for this site because contaminant 
plumes are so deep. Near-surface soil-gas collection, where 
a tube is inserted into the ground and the off-gas is assayed 
for volatile species, continues to be an excellent site 
screening tool. 
In the past, vertical weIl technology was the overwhelm-
ing technique used for site characterizationi it was used to 
map out the plumes under this 10 site. The wells were 
drilled in clusters, each weIl to a different depth. SampIe 
analysis proceeded by time-consuming central lab approach. 
The wells were and are being used to monitor the site 
remediation process. This involves purging the wells and 
obtaining sampIes representative of the soil and groundwater 
followed by central laboratory analysis. The purged fluid 
cannot be pumped back into the weIl because of restrictions 
8 
Table VI. Non-Arid Site Volatile Organie Compound Cleanup - Savannah River - Directions in 
Characterization and Monitoring Technologies - Past and Present 
- Remote Sensing Delineating Land Use/Ecology Patterns 
- Near-Surface Soil-Gas Collection 
- Clusters 01 5-6 Vertical Wells ($15K!Well) 
- Coring Plus "Ex-Situ" Sampie Analysis at Central Facilities 
- Monitoring By Groundwater Sampling and Analysis at 
Central Facilities 
~ 
- Near-Surface Soil-Gas Collection 
- Single Weil Coupled with Hydropunch (HP Cost $1-2K) 
-- Groundwater Sampling and Analysis at Central Facilities 
- Single Weil Coupled with One Pentrometer 
-- In-Situ Geology Characterization 
-- In-Situ Contaminant Characterization (For Fluorescing Species 
- Monitoring by Groundwater Sampling and Analysis at Central 
Facilities 
Table VII. Non-Arid Site Volatile Organic Compound Cleanup - Savannah River Directions in 
Characterization and Monitoring Technologies - Future 
- Near-Surface Soil-Gas Collection 
- Single Weil Coupled with One Penetrometer and 
With Chemical Sensors 
-- In-Situ Geology Characterization 
-- In-Situ Contaminant Characterization 
- Improved Technologies 
-- Remote Sampling, e.g., Electrical Resistance Tomography' 
-- Chemical and Fiber Optic Sensors' 
-- Soil Gas and Groundwater Sampling 
-- Weil Borescopes 
-- Field Deployable Instruments (e.g., Mass Spectrometers) 
- Monitoring by Groundwater Sampling and Analysis 
at Site 
-- Use 01 Field-Deployable Instruments 
-- Continuous Monitoring With In-Situ Chemical Sensors 
- Offgas (Not Controlled Now) 
-- Chemical Sensors 
-- Absorption Spectroscopy 
-- Other (77) 
• Area Potentially Beneliting From QNDE Technology 
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on injecting contaminants into the ground, so the fluid must 
be stored and ultimately treated. Thus, total well volume is 
an important consideration in monitoring. 
Present and future technologies utilize a single well 
employing a hydropunch, cone penetrometer, or liner, allowing 
monitoring at several depths. The punch is forced mechani-
cally into the ground, starting at the bot tom of the well; a 
specimen is obtained at each depth of interest. Somewhat 
analagous to the punch is the penetrometer; this obtains in 
situ information on the geologic structure of the soil and, 
if equipped with fiber optics and a laser, on contaminant 
chemistry of contaminants that fluoresce (e.g., petroleum-
bas~~~ocarbons but not tri- or tetrachloroethylene). In 
the future, chemical sensors will detect a broader range of 
contaminants. 
Sample analysis will change substantially in the future, 
as field deployable methods become approved. For example, 
the ion-trap mass-spectrometer can measure about 30 common 
volatile organics, with detection limits of a few parts per 
billion, in about 30 minutes. Fiberoptic sensors are under 
development to measure the optical spectra of the contaminant 
or color changes as the contaminant reacts with reagents in 
the sensor. Though substantial progress has been made, ad-
vances are needed, e.g., methods to introduce semivolatile 
organics into the ion-trap mass spectrometer, and selectivity 
and durability of chemical sensors. Further information can 
be obtained from M. Angel, M. Guerin, J. Hayes, B. Swanson 
(see Acknowledgements) . 
CHARACTERIZATION ACTIVITIES AND NEEDS AT THE INTEGRATED 
DEMONSTRATION ON UNDERGROUND STORAGE TANKS 
This ID is located at the Westinghouse Hanford Site in 
Washington. The objective is to remediate waste in large 
underground tanks, typically 75 feet in diameter, 40 feet in 
height, and covered by 10 feet of soil. From a characteriza-
tion point of view, tank wastes are more complex than those 
of the previous 10 because several radioactive and hazardous 
chemical solid wastes are present in a variety of forms rang-
ing from sludges to hard saltcake; liquids are present in 
some tanks, as well as hydrogen and organic materials. 
Wastes at Hanford resulted from plutonium and uranium fuel 
reprocessing and recovery, and over 40 chemicals were used in 
these activities. The wastes are highly corrosive. Wastes 
were added and processed over aperiod of decades, e.g., 
modified to remove strontium and cesium and reduce he at 
buildup in the tanks. Several other sites in the OOE com-
plex, Westinghouse-Savannah River, EG&G-1daho, EG&G-West Val-
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ley (New York) , and Melton Valley-Oak Ridge (Tennesee) have 
large tanks containing high radioactivity wastes. 
Past, present, and future methods for characterizing the 
tank structural integrity for corrosion, cracks, and leaks, 
and the tank waste are shown in Tables VIII and IX. Present 
methods in this case are elementary compared to the previous 
ID, involving: a) visual measurement of liquid heights in the 
tanks, b) thermocouple measurement of waste temperature, and 
c) central laboratory chemical anaylsis using cored speci-
mens. The last item is extremely costly, on the order of $1/ 
2 million for complete analysis of a co re taken from the 
tank, and because of the heterogeneity of the waste, more 
than one core must be taken to achieve a valid analysis of 
waste in the tank. 
Future methods will draw upon advances in characteriza-
tion and QNDE over the last decade. Remote sensing methods 
will be imperative because of the high radioactivity and tox-
icity of the waste. One example is a remote controlled 
"mole" which maps out the tank waste as it tunnels through 
the waste. The mole would be equipped with optical, acous-
tic, and chemical sensors along with optical and other fibers 
for transmitting information on waste chemistry, temperature, 
and viscosity back to a data processing unit outside the 
tank. Clearly, radiation-hardened sensors and equipment, 
remote capabilities, and statistical sampling and analysis 
methods are needed. 
Also needed will be aseries of process monitoring sen-
sors and control systems to assist in processing the waste. 
Table VIII. Underground Waste Storage Tanks Characterization - Structural Integrity 
Tank Stryctyral Integrjtv (lnclyding Transfer Lines Observation Ports Etc.) 
- Problems - Corrosion, Cracks, Leaks 
- Characterization Methods - Past and Present 
-- Measurement of Liquid Level 
-- Visual (Photographic) 
- Characterization Methods - Future 
-- Remote Sensing (e.g., of Soil Surrounding Tank)* 
-- Electromagnetic Acoustic Transducers (EMATs) 
(Positioned with Robotic Methods)* 
-- Others 
* Area Potentially Benefiting From QNDE Technology 
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Table IX. Underground Waste Storage Tanks Characterization - Structurallntegrity (Continued) 
Tank Waste 
- Waste Contents: 
-- Physical - Liquids, Saltcake, Sludges 
-- Chemical - Nitrates, Nitrites, Ferrocyanide, Organics, Inerts 
-- Radioactivity Level - High Level Waste 
- Characterization Methods - Past and Present 
-- Visual (Photographie) 
-- Coring Plus "Ex-Situ" Chemical Analysis 
-- Thermal (e.g., Thermocouples to Measure Temperature) 
- Characterization Methods - Future 
-- In-Situ Methods 
• Laser Raman Spectroscopy (with Fiber Optics) 
• Neutron Activation, Fission-Product Gas Analysis lor Plutonium 
Measurement 
• FTIR/Fiber Optics lor Mapping Tank Wastes* 
• Cone Penetrometer with Chemical Sensors/Fiber Optics* 
• Acoustic Characterization 01 Waste (Temp., Viscosity)* 
• Laser Ablation/Fiber Optics/Chemical Analysis (e.g., Mass 
Spectrometry, Gas Ghromatography, Atomic Absorption 
Spectroscopy 
-- Remote-Controlled, Sensor-Equipped "Mole" 
-- Others, e.g., Techniques in Tandem 
* Area Potentially Beneliting Irom QNDE Technology 
Processing will involve both physical transportation and 
chemical separation of waste components, as weIl as chemical 
and thermal destruction or transformation. Because of the 
tank waste heterogeneity, it may be effective to undertake an 
iterative process of retrieving some of the waste, character-
izing, processing, and storing it be fore selecting the final 
waste treatment. This approach will require a substantial 
improvement in capabilities for waste characterization and 
process monitoring to increase the robustness of the waste 
treatment processes, i.e., the ability to handle wide varia-
tions. 
CHARACTERIZATION ACTIVITIES AND NEEDS AT THE INTEGRATED 
DEMONSTRATION ON BURIED WASTE 
This 10 is located at the Idaho National Engineering 
Laboratory (INEL). The objective is to retrieve and 
remediate buried waste from nuclear materials production at 
INEL as weIl as waste in 55 gallon steel drums and other con-
tainers that were transported from other sites in the DOE 
complex. The drums were used to contain low level and tran-
suranic waste in several forms - in bulk, as particles in 
aqueous and organic solutions, and as general contaminants on 
equipment and protective clothing. Though the site is nomi-
nally arid, there have been intermittent spring rains and 
runoffs that have saturated the burial site and promoted cor-
rosion and leakage of some (about 2%) of the drums. 
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Of the three lOs described, this one addresses waste 
with the greatest uncertainty insofar as specific boundaries 
of the waste locations and exact content of the waste. Al-
though some of the steel drums were disposed of in a very 
orderly (arrayed) manner, some drums, contaminated equipment, 
and other waste in a variety of less durable containers were 
simply dumped in pits and trenches. Some historical informa-
tion is available but is of dubious value. Characterization 
involves locating the buried waste, delineating the perimeter 
of the location, ascertaining if drums have leaked or have 
compromised structural integrity, evaluating the waste and 
drum contents, and monitoring remediation treatmenti further 
details are available from W. Haas (see Acknowledgements) . 
The needs of this 10 (Table X) are broad. The site geol-
ogy is complexi it consists of a top layer of sedimentary 
soil where the waste was initially buried, alternating layers 
of basalt and sedimentary soil, and an aquifer about 600 feet 
below the surface. The basalt represents a potential barrier 
to the wastei its depth and geohydrological parameters need 
to be known to determine potential contaminant transport 
pathways. 
Other needs include detection and mapping of pit and 
trench boundaries and contaminants in and around pits and 
trenches. A range of techniques will be required - invasive 
such as chemical sensors for adequate detection of inorganic 
contaminants, and noninvasive ones for radioactive elements. 
Advances are needed in sampling and sensor placement tech-
niques in order to improve the cost-effectiveness of data 
collection and reduce the time to determine realistic candi-
date remediation approaches. 
Table X. Buried Waste Integrated Demonstration - Characterization Technology Deficiencies 
Detection and Mapping, in and Around Pit Boundaries' 
Detection and Mapping of Inorganic Chemicals and Alpha, Beta, and 
Gamma Emitters in and Around Pit Boundaries' 
Geohydrological Parameters of Basalt 
Depth of Basalt' 
Location of Pit Boundaries' 
Geophysical Identification of Large Objects' 
Structural Characterization of Containers and Buried Objects' 
TRU-Mixed Waste/Soil - Rapid Screening 
Analytical Laboratory Capability 
Mixed TRU and Low-Level Waste 
- Characterization 
- Process Control and Monitoring 
• Area Potentially Benefiting From QNDE Technology 
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Methods are needed for detecting and describing the 
shape of large buried objects such as individual drums, 
stacks of drums, and contaminated equipment. Identification 
of leakage around these objects is necessary, involving both 
rapid screening methods and on-site analytical laboratory 
capabilities. The structural integrity of containers must be 
examined to assure that safe and appropriate methods of re-
moval or in situ treatment be determined. 
The contents and radioactivity level of the drums must 
be ascertained. At present, various radiographic methods are 
used. There are about 1 million drums which must be charac-
terized - costing billions of dollars. Process control and 
monitoring methods are needed to process widely heterogeneous 
and varying waste streams into low level waste. The cost of 
disposing drums as low level waste is one-tenth the cost of 
interim storage at the Waste Isolation Pilot Plant (WIPP) 
facility in New Mexico, where storage costs are estimated at 
billions of dollars. 
SUMMARY OF CHARACTERIZATION, MONITORING, AND SENSOR 
TECHNOLOGY NEEDS 
The RDDT&E needs for site and waste characterization and 
process monitoring are varied and challenging (Table XI). As 
indicated in Table XI, QNDE could playavital role for many 
of these, especially those indicated with an asterisK. 
FUTURE DIRECTIONS - TECHNICAL AND INSTITUTIONAL 
Improved characterization technologies are emerging: 
novel isotope hydrology methods where unique radioactive fea-
tures can delineate with high resolution the boundaries of 
contaminants at sites (contact - T. Beasley, see 
Acknowledgements); rapid field screening using nonintrusive 
sensing based on magnetic, electromagnetic, and resistance 
probes and possibly drawing on airborne and satellite sur-
veillance methods (contacts - L. Balick, H. Murphy, M. 
Podwysocki, Acknowledgements); highly selective and inexpen-
sive chemical and biochemical sensors for screening, process 
monitoring, and post-closure monitoring applications; and 
improved data management, using better sampling and statisti-
cal analysis methods and computer-based information integra-
tion and visualization techniques, to reduce the uncertainty 
in each step of site and waste characterization prior to, 
during, and after remediation. 
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Table XI. Characterization Monitoring, and Sensor Technology Research Needs 
Sampling/Handling/Preparation/Strategy' 
Remote Sensing and Minimal Intrusion Methods' 
- Including Commercial and Classified Information 
- Emphasis on Buried Waste 
Geohydrology 
Field Screening' 
Field Deployable Instruments' 
Drilling Technology & Non-Borehole Delivery 
Sensors (Chemical)" 
Processing Monitoring and Control Methods' 
- Heterogeneous Mixed Waste 
- High Level Waste 
Central Lab Techniques 
Data Analysis & Management' 
- Integration and Visualizaton of Characterization Information to Guide Si te 
Remediation, Waste Processing, and Closure 
Systems Integration' 
- Linking with Robotics, Expert Systems 
Standards and Calibration' + 
Regulatory Acceptance & Quality Assurance + 
* Area Potentially Benefiting from QNDE Technology 
+ Important But Not RDDT&E Needs 
There will be continuing challenges. First is adequate 
characterization of highly heterogeneous wastes. It will not 
be possible to characterize all wastes and sites completely, 
so it will be necessary to develop a new paradigm for 
remediation which iterates characterization, initial process-
ing and remediation, waste stream sorting, further character-
ization, etc. Second, sensors for post-closure monitoring 
require long-term reliability spanning decades. It is not 
clear whether the needed sensors and associated technology 
base can be successfully developed this decade so that their 
use can be planned in remediation systems. 
Institutional directions include both education and pub-
lic perception. Formal education will develop new science 
and engineering graduates to appreciate and participate in 
environmental remediation activities. The characterization 
and monitoring activities associated with environmental 
cleanup will increase the demand for graduates skilIed in 
QNDE who are already at a premium in the workplace. Gradu-
ates in other disciplines such as chemistry, physics, and 
engineering will likely be available for needed activities. 
Education of the public at large is extremely important so 
that, with respect to DOE, the problems, activities, policy 
and technology constraints and alternatives will become bet-
ter understood than now. This will result in objective deci-
sions displacing subjective opinions. 
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SUMMARY 
The Oepartment of Energy (OOE) is faced with a major 
challenge to cleanup its nuclear weapons and materials-pro-
ducing sites and associated waste streams in compliance with 
environmental laws and regulations and to reduce the genera-
tion of new wastes in current operations. Characterization 
of sites and wastes is a key building block technology in 
remediation, and there are significant needs and opportuni-
ties for improvements, both to meet regulatory requirements 
and to demonstrate capabilities of new remediation processes. 
The potential payoff for improved technology is enormous -
overall cost estimates for remediation and characterizationl 
monitoring exceed $100 billion and $40 billion, respectively. 
The OOE Office of Environmental Restoration and Waste 
Management (EM), which manages its cleanup efforts, and the 
EM Office of Technology Oevelopment (OTO), which develops and 
fosters new and improved technologies for commercial imple-
mentation, have been described. OTO has initiated integrated 
demonstrations (lOs) as a systems approach to developing new 
technology options for site and waste cleanup. 
The OTO work on characterization and monitoring empha-
sizes noninvasive or in situ, contaminant-specific, and 
field-deployable techniques. The past, present, and possible 
future characterization methods for three lOs have been pre-
sented; these are, in terms of increasing complexity from a 
characterization viewpoint, volatile organic compounds in 
saturated soils, underground storage tanks, and buried waste 
(principally in drums). The non-arid site is evaluating sev-
eral cost-saving techniques such as the cone penetrometer, 
chemical sensors, and the ion-trap mass spectrometer to pro-
vide information on site geology, hydrology, and contaminant 
chemistry with a smaller number of wells at lower cost. 
Plans for invasive and noninvasive characterization of tanks 
and buried waste have also been outlined. 
Quantitative nondestructive evaluation can contribute 
significantly to each 10 in several areas - sampling strate-
gies, remote sensing, field screening and field deployable 
instruments, sensors, process monitoring and control methods, 
data analysis and management, and systems integration. 
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GLOSSARY 
(Taken from the Environmental Restoration and Waste Manage-
ment Five Year Plan, Fiscal Years 1993 - 1997, Reference 1.) 
Hazardous Waste. As defined in the Resource Conservation and 
Recovery Act, asolid waste or combination of solid wastes 
that, because of its quantity, concentration, or physical, 
chemical, or infectious characteristics, may cause or sig-
nificantly contribute to an increase in mortality or an in-
crease in serious, irreversible, or incapacitating reversible 
illness or pose a substantial present or potential hazard to 
human health or the environment when improperly treated, 
stored, transported, disposed of, or otherwise managed. Haz-
ardous wastes may be listed or characteristic. 
High-Level Waste. The highly radioactive waste material that 
results from the reprocessing of spent nuclear fuel, includ-
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ing liquid waste produced directly in reprocessing and any 
solid waste derived from the liquid, that contains a combina-
tion of transuranic waste and fission products in concentra-
tions (activities) requiring permanent isolation. 
Low-Level Waste. Radioactive waste not classified as high-
level waste, transuranic waste, spent nuclear fuel, or 
byproduct material. 
Mixed Waste. Mixed waste contains both radioactive and haz-
ardous components, as defined by the Atomic Energy Act and 
the Resource Conservation and Recovery Act, respectively. 
Radioactive Wast~ A solid, liquid, or gaseous material of 
negligible economic value that contains radionuclides in ex-
cess of threshold quantities. Does not include material con-
taminated by radionuclides from nuclear weapons testing. 
Regulated Substanc~ Any chemical, compound, or material the 
manufacture, generation, transportation, alteration, or dis-
position of which is regulated under any of the Federal or 
State statutes. 
Spent Fuel. Irradiated nuclear reactor fuel before reprocessing. 
Contains uranium, fission products, and transuranic elements. 
Transuranic (TRUl Waste Waste that is contaminated with 
alpha-emitting transuranium nuclides with half-lives greater 
than 20 years and concentrations greater than 100 nanocuries 
per gram of waste. 
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